INTRODUCTION
============

Pancreatic pseudocysts (PPCs) may develop in 10% to 20% of patients with acute pancreatitis and may be present in 20% to 40% of patients with chronic pancreatitis.[@B1],[@B2] During the last decade, the treatment strategies for PPCs have evolved dramatically in terms of indications, patient selection, and dedicated treatment methods.[@B3] This progress may be attributed to the development of minimally invasive approaches. Endoscopic drainage has become the procedure of choice for the management of most patients with symptomatic PPCs, although there are a number of issues to be considered prior to the implementation of this procedure. Endoscopic ultrasound (EUS) facilitates the transmural drainage of PPCs and may increase the success rate and safety of PPC drainage. In addition, EUS techniques may enhance the endoscopic treatment of pancreatic necrosis and disconnected pancreatic duct syndrome. In this study, we review the latest developments in the endoscopic drainage of PPCs.

DEFINITION OF PSEUDOCYSTS
=========================

Although a high treatment success rate for endoscopic PPC drainage has been reported, the response depends on the type of pseudocysts.[@B4] Therefore, PPCs must be distinguished from acute peripancreatic fluid collections, acute necrotic collections, walled-off pancreatic necrosis (WOPN), and cystic neoplasms. At a recent consensus conference, the terms pancreatic or peripancreatic fluid and necrotic collections were more systematically defined.[@B5] Acute fluid collections occur within 4 weeks after the onset of pancreatitis; the collections do not replace pancreas parenchyma or have a well-defined wall. PPCs consist of localized fluid that are within or adjacent to the pancreas and are enclosed in a well-defined, nonepithelialized wall with either simple or complex contents. PPCs persist for more than 4 weeks after the onset of pancreatitis. PPCs may communicate with the pancreatic duct and may be associated with an underlying ductal stricture or leak.

Necrosis is a region of necrotic pancreatic parenchyma and/or peripancreatic fat. Acute necrotic collections occur within 4 weeks, whereas WOPN persists for more than 4 weeks. WOPN develops only after acute necrotizing pancreatitis and can be intrapancreatic or extrapancreatic. WOPN contains nonliquid material with varying amounts of fluid and has an encapsulating wall. Although the overall clinical success for endoscopic drainage of PPCs is high, previous trials have demonstrated that the response depends on the type of pancreatic fluid collection that develops. For instance, the treatment success for PPCs is greater than 90%, but it decreases to 50% to 65% for WOPN.[@B6] Since the necrotic contents of WOPN are highly dense, larger fistulous openings or multiple tracts are required for effective drainage. Therefore, WOPN approaches are complex and differ from that for simple PPCs, demonstrating the crucial clinical implications of this distinction.

Finally, PPCs must be distinguished from pancreatic cystic neoplasms, which may require surgical resection.[@B3] In patients with no history of pancreatitis, cystic neoplasms should be considered first. It should also be remembered that pancreatic cystic neoplasms may occasionally accompany a bout of acute pancreatitis.

INDICATION FOR DRAINAGE OF PPCs
===============================

Previous indications for the treatment of PPCs based on the size and the duration of PPCs have become obsolete.[@B7],[@B8] Widely accepted indications for PPC drainage include persistent abdominal symptoms (i.e., abdominal pain or early satiety), the obstruction of surrounding hollow viscous, cyst-related adverse events (i.e., biliary obstruction, bleeding, or infection), and the rapid enlargement of a cyst.[@B2],[@B9],[@B10],[@B11],[@B12] Prior to drainage, it is usually desirable to wait until the fluid collection develops into a wall or fibrous capsule. However, if there is a pressing indication, such as a poorly controlled infection, the drainage procedure may be performed within 2 weeks of the onset of pancreatitis.[@B13]

ENDOSCOPIC DRAINAGE OF PPCs
===========================

Surgery was the gold standard treatment for PPCs for many decades, but it has now been replaced by the endoscopic drainage technique. Currently, endoscopic drainage is recommended as the first-line treatment for accessible PPCs because it can provide excellent results in terms of costs, duration of hospital stay, and quality of life, as demonstrated in a recent prospective randomized study.[@B14] However, this trend may not be uniform, and the treatment decision may vary with local expertise. Various factors can influence the decision to proceed with endoscopic drainage, including anatomical factors such as PPC location, main pancreatic ductal anatomy, and the communication between PPCs and the pancreatic duct.

It is common practice to use endoscopic retrograde pancreatography (ERP) to address main pancreatic duct (MPD) strictures and leaks before the PPC drainage procedure is performed. A direct communication between PPCs and the MPD is present in 40% to 66% of all PPCs and may allow transpapillary drainage of the PPCs. However, the transpapillary drainage of PPCs is usually reserved for relatively small PPCs of less than 5 cm, especially those which are located in the pancreas head.[@B15] However, in cases involving large PPCs, ERP may be very difficult or impossible owing to the severe luminal compression of the stomach or duodenum by PPCs. Transmural drainage should be performed first in this cases, following ERP, to confirm if pancreatic duct stricture or leak has resolved or if PPCs have significantly decreased. If an MPD leak is not present, the transmural stents can be removed. If an MPD leak is present, endoscopic pancreatic sphincterotomy and MPD stenting that bridge the leak site are needed, and a more long-term placement of the transmural stent is usually recommended. MPD stents are usually maintained for 4 weeks and can be removed together with the transmural stents after the resolution of the MPD leak is confirmed.

It is generally accepted that transmural stents should be kept in place until the PPCs are completely resolved and not before at least 2 months of stenting. According to previous studies, the recurrence rate of PPCs was significantly higher in the early stent retrieval group, and stenting duration of less than 6 weeks was independently associated with treatment failure.[@B12],[@B16]

CONVENTIONAL ENDOSCOPY-GUIDED VERSUS EUS-GUIDED DRAINAGE
========================================================

EUS-guided drainage has replaced conventional endoscopyguided drainage, in which a duodenoscope is used; this is because of the advantages of the EUS-guided technique, including the possibility of safely draining nonbulging PPCs.[@B8] In addition to nonbulging PPCs, EUS guidance may be preferred in patients with vascular collaterals such as those with splenic vein thrombosis, coagulopathy, a small anatomic window for drainage, and those who would benefit from transduodenal rather than transgastric drainage.[@B8],[@B13] At many centers, EUS-guided drainage is increasingly being used and is recognized as the standard procedure for the management of symptomatic PPCs. EUS-guided drainage shows a technical success rate of more than 90% and a treatment success rate of 75% to 90%, depending on the PPC characteristics. Two randomized trials that compared EUS-guided PPC drainage and conventional endoscopy-guided PPC drainage, demonstrated that EUS-guided drainage is superior to conventional endoscopy-guided drainage in terms of technical success and occurrence of procedure-related adverse events.[@B17],[@B18]

PLASTIC VERSUS METAL STENTS
===========================

Despite recent advances in interventional endoscopy, many questions remain about the type, size, and number of stents that should be used for PPC drainage. To achieve adequate drainage, multiple double pigtail plastic stents are usually inserted for transmural drainage; a nasocystic drain may occasionally be left in place to irrigate the PPCs with saline if viscous debris is present. In PPCs with viscous debris, a dual drainage with transmural plastic stents and a nasocystic drain may lower the stent occlusion rate and may improve clinical outcomes compared with those that are obtained via plastic stents alone.[@B4] The vigorous irrigation with saline removes solid debris, decreases stent occlusion rates, and improves overall clinical outcomes. However, plastic stents with small diameters may fundamentally not allow effective drainage or may result in superinfections of the PPCs, which typically occur when plastic stents are obstructed.

Recently, some studies have reported the usefulness of fully covered self-expandable metal stents (FCSEMSs) for EUS-guided drainage. The insertion of multiple stents and/or a nasocystic drain is time-consuming and may often be technically challenging.[@B19] On the other hand, FCSEMSs are easier to deploy and preclude the need to place multiple plastic stents and therefore, seem to be a promising alternative for PPC drainage, particularly for PPCs with thick debris.[@B20] Recent studies suggested that using FCSEMSs in patients with infected PPCs may decrease the need for repeated endoscopic procedures, increase the treatment success rate, and reduce the time required for PPC resolution.[@B21],[@B22],[@B23] Diverse FCSEMSs specifically designed for PPC drainage, which have a short length, a large lumen, and a unique structure to prevent stent migration, have also become available.[@B24],[@B25] In addition, recently introduced metal stents have a larger diameter; therefore, these stents can be used as the port of entry for endoscopic necrosectomy.[@B26]

According to our experience, EUS-guided drainage with FCSEMSs, which are specially designed for PPC drainage ([Fig. 1](#F1){ref-type="fig"}), yield similar technical success rates, clinical success rates, and adverse event rates as plastic stents, but are associated with a significantly shorter procedure time than other stents. Our experiences showed that the mean procedure time was 15 minutes in the FCSEMS group, but 29.5 minutes in the plastic stent group. The shorter procedure time in the FCSEMS group was attributed to the simpler process that requires one stent and one guidewire ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). In this manner, the insertion of multiple guidewires and stents can be avoided. Even if a nasocystic drain were needed, an additional guidewire insertion would be unnecessary. In terms of cost-effectiveness, there may be an argument because of the relatively high cost of metal stents compared to plastic stents. However, EUS-guided drainage with FCSEMSs does not require balloon dilatation and multiple guidewires; there may not be a significant difference between the costs. In addition, in our opinion, the use of FCSEMSs might be suitable for endoscopists who do not have much experience with the EUS-guided intervention due to the simplified procedure.

ADVERSE EVENTS
==============

Adverse events related to the endoscopic drainage of PPCs largely vary among centers, with the average morbidity rates being 13% and the average mortality rates being 0.3%.[@B27] Major adverse events reported include hemorrhage, perforation, and infection. Most of these events can be managed without surgery through approaches such as endoscopic coagulation, arterial embolization, intravenous antibiotics, or repeated endoscopic drainage in the case of secondary infection.

CONCLUSIONS
===========

As the management paradigm invariably shifts to less invasive techniques, endoscopic approaches will play an increasing role in the management of PPCs. More importantly, utilizing EUS guidance for transmural drainage facilitates the drainage procedure of PPCs and may increase the success rate and safety of this approach. With the advent of FCSEMSs specifically designed for transmural drainage, these stents may become increasingly useful towards furthering the advancement of the endoscopic treatment of PPCs.
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![(A) Fluoroscopic image showing a endoscopic ultrasound-guided transgastric puncture of the pancreatic pseudocyst (PPC). (B) Coiling of the guidewire within the PPC under fluoroscopic guidance. (C) Dilation of the tract with a needle-knife. (D) Placement of a fully covered self-expandable metal stent.](ce-47-222-g001){#F1}

![A case of successful pancreatic pseudocyst (PPC) drainage. (A) A PPC located around the stomach. (B) The PPC completely disappeared at 4 weeks after a fully covered self-expandable metal stent was inserted.](ce-47-222-g002){#F2}
